Abstract: Stable isotopes of oxygen and hydrogen were used to estimate seasonal contributions of precipitation to natural spring recharge in Beijing's mountainous area. Isotopic compositions were shown to be more positive in the dry season and more negative in the wet season, due to the seasonal patterns in the amount of precipitation. The local meteoric water line (LMWL) was δ 2 H = 7.0 δ 18 O − 2.3 for the dry season and δ 2 H = 5.9 δ 18 O − 10.4 for the wet season. LMWL in the two seasons had a lower slope and intercept than the Global Meteoric Water Line (p < 0.01). The slope and intercept of the LMWL in the wet season were lower than that in the dry season because of the effect of precipitation amount during the wet season (p < 0.01). The mean precipitation effects of −15 and −2 per 100 mm change in the amount of precipitation for δ 2 H and δ 18 O, respectively, were obtained from the monthly total precipitation and its average isotopic value. The isotopic composition of precipitation decreased when precipitation duration increased. Little changes in the isotopic composition of the natural spring were found. By employing isotope conservation of mass, it could be derived that, on average, approximately 7.2% of the natural spring came from the dry season precipitation and the rest of 92.8% came from the wet season precipitation.
Introduction
Groundwater is an essential water resource for forests. It plays an important role in forest ecosystems for ecological functions [1] by shaping species distribution, supplying irrigation and regulating the water cycle [2] . Global climate change affects groundwater levels [3] and leads to water shortages in forest ecosystems [4] . Investigating the relationship between groundwater limitations and forest ecosystems is becoming increasingly important, especially for areas that are susceptible to seasonal drought with a spatially uneven precipitation distribution [5, 6] . Along with the development of environmental isotope hydrology in the 1960s, oxygen and hydrogen isotopes of water have been widely used as tracers for understanding the processes of the hydrological cycle [7] [8] [9] [10] [11] .
Environmental isotopes, as a notably good indicator, have been widely used for distinguishing pathways of soil water infiltration, observing groundwater-surface water interactions, and identifying groundwater recharge [12] [13] [14] [15] . The isotopic compositions of groundwater can be used as natural tracers [16] . It relates not only to the accumulated meteoric water with little evaporation isotope fractionation, but it also reflects the differences in isotopic compositions of groundwater along the flow path [17] . The process of groundwater recharge by soil water infiltration from precipitation is complex. The process is affected by many factors including climate conditions, texture structure Water 2018, 10, 705 2 of 14 of soil, soil moisture and vegetation coverage [18] , which brings seasonal variations in the isotopic compositions of water bodies. This allows us to determine the relations among different water bodies based on their respective isotopic compositions. Many studies at present mainly focus on the characteristics of water isotopes in the context of changes in the hydrological cycle [19] , such as changes of atmospheric precipitation [20] , hydrogen and oxygen isotopes in the processes of soil water infiltration [17] , and identities of stream and spring origins [21] [22] [23] . However, there were not enough studies estimating groundwater derived from seasonal precipitation (dry and wet) based on oxygen and hydrogen isotopic compositions, especially in rocky mountainous areas [24] .
Due to the complexity and difficulty of using the traditional way, oxygen and hydrogen isotopes were used as natural tracers in this study: (1) To document the temporal variability of isotopic compositions in precipitation and factors of influence; and (2) to determine the varied characteristics of isotopic values in the precipitation process and to distinguish groundwater recharge by the seasonal precipitation in the rocky mountainous area of Northern China. This study's prospect is to provide useful information on forest hydrological processes, to help the management of the sustainable utilization of groundwater resources, and to provide an important reference for the region's water cycle management.
Materials and Methods

Study Sites and Experimental Design
This study was conducted at the National Forest Ecosystem Research Station (NFERS) (40 • 03 N, 116 • 05 E), which is in the north of the North China Plain and adjacent to the northern end of the Taihang Mountain and Yanshan Mountain (Figure 1a ). The study area has been set at a hilly area within the mountain-to-plain transition 30 km away from Beijing, nearer to the plains with the lowest elevation in the western region. The special geographical location of the study area forms a unique system of water circulation. The altitude of the study site is between 60 m and 510 m, with a warm temperate and a semi-humid, semi-arid continental monsoonal climate. The annual mean temperature was 11.6 • C, with an absolute min/max December 2011/July 2011 temperatures of −19.6 • C/41.6 • C. The annual mean precipitation was 660 mm in the study area over the last 20 years; approximately 70-80% of the precipitation occurred in the wet season, mostly in July and August. The mean annual potential evapotranspiration was approximately 1100 mm. The study site is predominated by Platycladus orientalis, Pinus tabuliformis, Quercus variabilis and Robinia pseudoacacia, which were planted by the local government in the 1960s. The soil on the ground was sandy clay loam with a depth of 80-100 cm. There was little litter in the surface layer, with low stone-gravel content in the soil profile. Below the soil layer, there was loose tuff from weathered and calcareous rock and fissures between bedrock beds. They were covered by loose sediments of the Quaternary, which made natural springs form easily. The spring water collection points (the elevation is 110 m) were located at Jinshan temple, which is 1 km from the sample site (Figure 1b) . The spring water flows continuously all year round.
Sample Collection
To better demonstrate the process of precipitation and distinguish recharge of spring water by the seasonal precipitation in the rocky mountainous area of Northern China, the samples of each stage, from precipitation to spring water, were collected including the precipitation, stream runoff, throughfall, surface runoff, water extracted from soil, and springs. All samples were collected from January 2011 to December 2012.
In two plots, three soil sampling points were selected on the upper slope, mid-slope and lower slope, 1 m away from the dominant trees. Soil samples were collected from various layers: depths of 0-10, 10-20, 20-30, 30-40, 40-60, 60-80 and 80-100 cm with a soil auger. Three replicates were obtained from each layer one day after the precipitation. Once the samples were collected, they were placed into a 50 mL centrifuge tube, sealed with Parafilm ® (Bemis, Neenah, WI, USA), and stored in a freezer until isotope analysis. 
In two plots, three soil sampling points were selected on the upper slope, mid-slope and lower slope, 1 m away from the dominant trees. Soil samples were collected from various layers: depths of 0-10, 10-20, 20-30, 30-40, 40-60, 60-80 and 80-100 cm with a soil auger. Three replicates were obtained from each layer one day after the precipitation. Once the samples were collected, they were placed into a 50 mL centrifuge tube, sealed with Parafilm ® (Bemis, Neenah, WI, USA), and stored in a freezer until isotope analysis.
Precipitation data was collected by a weather station, which was 1 km away from the soil sampling sites (The elevation is 110 m). To collect precipitation samples at the end of each >2 mm precipitation event, three iron collecting buckets (inner diameter of 15 cm) were placed near the weather station with no surrounding barriers. The collection bucket for throughfall samples was positioned in the forest under the trees. A funnel with a table tennis ball was placed on the top of the collection bucket to avoid isotope evaporative fractionation. Precipitation samples were collected at the end of each precipitation event. The collected samples were quickly transferred into clean polyethylene bottles (50 mL), sealed with Parafilm ® , numbered, and stored in a freezer. This was the same method used in the given literature [25] [26] [27] [28] .
For light to moderate precipitation events, precipitation samples were collected once the precipitation ceased. For heavy or long-duration precipitation, samples were collected hourly until it ended. The collected samples were quickly transferred into 50 mL plastic test tubes, sealed with Parafilm ® , numbered and then put into a freezer. In the wet season, heavy precipitation results in surface runoffs, which easily accumulates in a flow-gaging weir. Samples of runoff were collected when the runoff was stable at three sampling points on the upper, mid and lower slopes. A Precipitation data was collected by a weather station, which was 1 km away from the soil sampling sites (The elevation is 110 m). To collect precipitation samples at the end of each >2 mm precipitation event, three iron collecting buckets (inner diameter of 15 cm) were placed near the weather station with no surrounding barriers. The collection bucket for throughfall samples was positioned in the forest under the trees. A funnel with a table tennis ball was placed on the top of the collection bucket to avoid isotope evaporative fractionation. Precipitation samples were collected at the end of each precipitation event. The collected samples were quickly transferred into clean polyethylene bottles (50 mL), sealed with Parafilm ® , numbered, and stored in a freezer. This was the same method used in the given literature [25] [26] [27] [28] .
For light to moderate precipitation events, precipitation samples were collected once the precipitation ceased. For heavy or long-duration precipitation, samples were collected hourly until it ended. The collected samples were quickly transferred into 50 mL plastic test tubes, sealed with Parafilm ® , numbered and then put into a freezer. In the wet season, heavy precipitation results in surface runoffs, which easily accumulates in a flow-gaging weir. Samples of runoff were collected when the runoff was stable at three sampling points on the upper, mid and lower slopes. A centrifuge tube was filled with water to avoid the exchange of water vapor when collecting the samples. The collected samples were sealed with Parafilm ® and stored in a freezer.
The sampling time of spring water corresponded with the soil sampling. Three spring samples were collected each time. The collected spring samples were sealed with Parafilm ® and stored in a freezer (−4 • C) to prevent isotope fractionation.
There were 168 precipitation samples, 180 soil samples and 36 nature spring samples in total. For soil samples, the extraction of soil water was initially performed by low temperature vacuum condensation. The soil samples were incubated under 0.02 hPa at 95 • C for 2 h. The extracting percent of water from samples was >99.0%, which would be sufficient to obtain un-fractionated water samples [29] . The determination of analytical water samples requires at least 0.5 mL of water, so more soil samples were needed to extract enough water from the dry soil with less moisture.
Determination of Hydrogen and Oxygen Isotopic Compositions of Water Samples
The hydrogen and oxygen isotopic compositions were determined at the Ecological Hydrological Process and Mechanism Laboratory of Beijing Forestry University. The thawing process of the water 
where, the X was the measured value of hydrogen and oxygen; R sample and R standard were the isotopic ratio of the samples and the VSMOW, respectively [31] .
Monthly weighted means of δ 2 H and δ 18 O for precipitation (δ p , mean) were calculated as:
where δ pi is the δ 2 H and δ 18 O of the precipitation, P i is the amount of the precipitation.
Data Analysis
Statistical analyses were performed using 
Results and Discussion
Distribution and Isotopic Compositions of Precipitation
Precipitation is an important input factor of the water cycle in forest ecosystems. Precipitation in the mountainous area of Northern China could be distinguished by the dry season (from October to following May) and the wet season (from June to September). Over the past two years of this study, the annual precipitation was 720.6 mm in 2011 and 745.2 mm in 2012, respectively; it was evident that there was more precipitation in the wet season than in the dry season ( Figure 2 ). The monthly average precipitation in the dry season was lower and it gradually increased as the wet season arrived. Similarly, the amount of precipitation gradually decreased towards the end of the wet season. The total precipitation in the wet season was 436.8 mm in 2011 and 501.0 mm in 2012, respectively, which accounted for 58.6% and 69.5% of the total precipitation, respectively. On 21 July 2012, one precipitation event lasted for 16 h and the amount of precipitation reached 146.0 mm alone.
The isotopic compositions of precipitation were quite variable with an obvious seasonal variation during the study period, and it showed a significant negative relationship with the amount of precipitation (p < 0.0001) ( Figure 2 Since Northern China is monsoonal, the seasonal variations of precipitation isotopes may not be only related to the different monsoons, but also to the local water circulation [24, 32] . In the study area, the water vapor formed during the dry season was set in a relatively dry and cold condition, which caused the isotopic compositions of precipitation to be heavier than those formed in the wet season. In addition, warm and humid air with significant water vapor associated with the southeast monsoon was delivered from the North Pacific Ocean and the Indian Ocean during the wet season. In contrast, the largely cold and dry air with less water vapor during the dry season was carried by the northwest originating from Siberia. Liu et al. and Wen et al. also found that the isotopic values of seasonal effect were strongly affected by the water vapor source and transport patterns [33, 34] . Yamanaka et al. demonstrated that the southeast monsoon results in the lighter isotopic compositions of precipitation with a wider range of values in the wet season [35] .
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Local Meteoric Water Lines and Soil Water Characteristic Lines
The relationship between δ 2 H and δ 18 O in precipitation provided significant information concerning the hydro-geological processes and the atmospheric circulation [36] . During the dry and wet seasons, the precipitation samples were collected from each precipitation event. Local meteoric water line (LMWL) ( Table 1) 
The relationship between δ 2 H and δ 18 O in precipitation provided significant information concerning the hydro-geological processes and the atmospheric circulation [36] . During the dry and wet seasons, the precipitation samples were collected from each precipitation event. Local meteoric water line (LMWL) ( Table 1) (Figure 3) . The slopes and intercepts of the LMWL of the two seasons were less than the Global Meteoric Water Line (GMWL), δ 2 H = 8 δ 18 O + 10 [37] , which indicated that the precipitation was subjected to a certain degree of isotope fractionation in the study region. This was mainly controlled by the isotope fractionation that occurred during evaporation and condensation in the water cycle and the initial state of the water vapor from the source region [34, 38] . The monthly amount weighted d-excess values varied from 12 to 20 , with an average of 15.8 ( Figure 4) . The d-excess was higher in the dry season and lower in the wet season. The seasonal variation of d-excess indicated that there were at least two different sources of precipitation. The average d-excess value was 13 during the wet season, which can be explained as the LMWL in the wet season did not follow the GMWL. As the study area was governed by a typical monsoonal climate, a substantial amount of water vapor was brought by the prevailing southerly winds from the Pacific Ocean during summer. The strong summer evaporation from the ocean, together with the long fetch, causes the strong isotope fractionation of the water vapor, and enrichment of 2 H and 18 O [39, 40] . The slope and intercept of the LMWL in the dry season were greater than that in the wet season (p < 0.001), which showed that the precipitation in the wet season exhibited more significant isotope fractionation than in the dry season. The heavy precipitation in the wet season represented not only a large amount of precipitation over long periods of time, but also a higher relative humidity, which reduced the lighter isotopes. Hughes et al. also found that high δ 2 H and δ 18 O values could be the result of lower relative humidity, while lighter isotopic values could be the result of higher relative humidity [41] . Other influential factors on the δ 2 H and δ 18 O in precipitation could be the different sources of seasonal precipitation of the water vapor in Beijing owing to different monsoonal effects [42, 43] .
In addition, we collected soil water samples in the two seasons and obtained the soil water characteristic line (SWCL) for each season: (Figure 3) . The slopes and intercepts of the SWCL for the two seasons were not only less than the GMWL, but also less than the LMWL both in the dry and wet seasons (p < 0.01), which showed that precipitation was subjected to a certain degree of isotope fractionation during the infiltration process in the soil. In addition, the slope and intercept of the SWCL in the dry season were less than that in the wet season (p < 0.01). It indicated that evaporative isotope fractionation was more evident in the wet season than in the dry season, due to higher soil moisture and relative humidity. In the dry season, the surface soil water was not only supplemented by precipitation with heavier isotopes, but was also affected by strong evaporation under both the lower relative humidity and the reduced soil moisture [44] . Therefore, the hydrogen and oxygen isotopic ratios of the soil water in the dry season were more positive than that in the wet season (p < 0.05). 
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(a) (b) Figure 3 . The relationship between isotopic ratios in precipitation and soil water. (a) the relationship between isotopic ratios in precipitation and soil water in dry season (b) The relationship between isotopic ratios in precipitation and soil water in wet season. The LMWL was δ 2 H = 7.0 δ 18 O − 2.3 (R 2 = 0.94, N = 42) and δ 2 H = 5.9 δ 18 O − 10.4 (R 2 = 0.92, N = 126) for the precipitation in the dry and wet seasons, respectively. The SWCL was δ 2 H = 2.8 δ 18 O − 45.8 (R 2 = 0.63, N = 80) and δ 2 H = 5.4 δ 18 O − 28.8 (R 2 = 0.93, N = 100) for the soil water in the dry and wet seasons, respectively. The GMWL was δ 2 H = 8 δ 18 O + 10 [37] . 
The Relationship of the Isotopic Composition of Precipitation with the Amount of Precipitation and Temperature
The regression results for the monthly total amount (hereafter as A) of precipitation, with respect to its monthly mean isotopic value, were represented by 
The regression results for the monthly total amount (hereafter as A) of precipitation, with respect to its monthly mean isotopic value, were represented by δ 2 H = −0. [46, 47] . Most studies agreed that the effect of temperature was generally more significant in high-latitude regions [14, 16, 48] . In the current study, within the same temperature range during the wet season, a lower isotope was found in heavy precipitation instead of light precipitation, which suggested that the effect of the precipitation amount is more obvious. In reference to Figure 5 , the values of δ 2 H and δ 18 O were negatively related to the precipitation amount and temperature. This was in contrast to the expectation that the effect of temperature should be positively correlated with the stable isotopic compositions, and it indicated that the amount of precipitation was the dominant influential factor over the varying temperature. Yurtesever and Gat reported clear precipitation dependence in a tropical region [45] . However, the temperature dependence contradicted the finding by Jeelani et al. and Liu et al., who demonstrated an increase in the magnitude of δ 2 H and δ 18 O in precipitation with increasing temperature [46, 47] . Most studies agreed that the effect of temperature was generally more significant in high-latitude regions [14, 16, 48] . In the current study, within the same temperature range during the wet season, a lower isotope was found in heavy precipitation instead of light precipitation, which suggested that the effect of the precipitation amount is more obvious. In reference to Figure 5 , the values of δ 2 H and δ 18 O were negatively related to the precipitation amount and temperature. This was in contrast to the expectation that the effect of temperature should be positively correlated with the stable isotopic compositions, and it indicated that the amount of precipitation was the dominant influential factor over the varying temperature. 
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Isotopic Compositions of Precipitation
Precipitation was classified into four different grades according to the amount of precipitation: light precipitation (<10 mm), moderate precipitation (10-24.9 mm), heavy precipitation (25-49.9 mm) and rainstorm (>50 mm). Thus, the precipitation of 9.8 mm (6 July), 22.4 mm (12 Aug.), 41.6 mm (2 June) and 146.8 mm (21 July) were selected to sequentially represent the four grades of precipitation, respectively. The duration of these four precipitation events ranged from 160 min to 1060 min ( Figure 6 ). All four precipitation events occurred in the wet season, which implicated that they all had a similar source of water vapor [34] . Overall, the δ 2 H and δ 18 O values of precipitation decreased as the precipitation duration prolonged. The longer the precipitation duration extended, the greater the decrease became. For the three precipitation events (light precipitation, moderate precipitation, and heavy precipitation), the values of δ 2 H and δ 18 O reduced periodically rather than continuously because of the discontinuous precipitation; the δ 2 H and δ 18 O isotopic compositions changed very little. In contrast, at the beginning of the rainstorm, the values of δ 2 H and δ 18 O were −76.85 and −10.22 , respectively. With the continuous precipitation, the values of δ 2 H and δ 18 O gradually decreased to −123.20 and −15.96 , respectively, by the end of the precipitation. From the beginning of the precipitation to the end, the values of δ 2 H and δ 18 O reduced by 60.31 and 56.16 , respectively. This finding was consistent with Celle-Jeanton et al., who demonstrated that the lowest fractionation corresponded to the most abundant precipitation [49] . Midhun et al. also found enrichment of heavier isotopes in rainwater at the start of precipitation, and that the formation of 2 H and 18 O gradually became negative as the precipitation proceeded [50] .
Generally, when water vapor began to form and precipitated, light isotopes of precipitation tended to re-evaporate back into the atmosphere due to lower relative humidity, higher temperature and stronger radiation [34] . Heavier isotopes were more likely to be condensed into precipitation, so that the isotopic compositions of precipitation became heavier in time. As the duration of precipitation increased, the number of light isotopes returning to the atmosphere became less in greater relative humidity and formed the 2 H-depleted precipitation [44] . Similarly, the relative humidity was higher during the heavy precipitation than in the light precipitation. Therefore, the values of δ 2 H and δ 18 O in precipitation gradually decreased with the increase of the amount of precipitation, or with the prolonged duration of precipitation. and stronger radiation [34] . Heavier isotopes were more likely to be condensed into precipitation, so that the isotopic compositions of precipitation became heavier in time. As the duration of precipitation increased, the number of light isotopes returning to the atmosphere became less in greater relative humidity and formed the 2 H-depleted precipitation [44] . Similarly, the relative humidity was higher during the heavy precipitation than in the light precipitation. Therefore, the values of δ 2 H and δ 18 O in precipitation gradually decreased with the increase of the amount of precipitation, or with the prolonged duration of precipitation. 
Recharge of the Springs
It is difficult to reflect the whole hydrological process of precipitation in groundwater recharge by small precipitation events because this precipitation event may not form surface runoff. A rainstorm event (146.8 mm, 21 July), which produced a stable surface runoff, was analyzed as a representative by the isotope for the transformation of water. We collected the samples directly from Figure 6 . Characteristics of the precipitation events in light, moderate, heavy and rainstorm precipitation. (a) the variation of hydrogen isotope in the precipitation events (b) the variation of oxygen isotope in the precipitation events.
It is difficult to reflect the whole hydrological process of precipitation in groundwater recharge by small precipitation events because this precipitation event may not form surface runoff. A rainstorm event (146.8 mm, 21 July), which produced a stable surface runoff, was analyzed as a representative by the isotope for the transformation of water. We collected the samples directly from the precipitation and obtained the atmospheric precipitation process line (Figure 7 ) of δ 2 H = 6.1 δ 18 O − 7.0 (R 2 = 0.98, N = 36, F = 2547.0, p < 0.0001). The slope and intercept were higher than the GMWL (δ 2 H = 8 δ 18 O + 10) (p < 0.001), which indicated that the process of formation of precipitation was significantly affected by isotopic dilution. As precipitation reached the tree canopy, the portion of the precipitation was mixed with the tree trunk stream. The distribution of δ 2 H and δ 18 O values of stem runoff, throughfall, surface runoff and natural springs near the precipitation line were shown in Figure 7 . The relationship between δ 2 H and δ 18 O indicated a lack of clear isotope fractionation enrichment [51] . The values of δ 2 H and δ 18 O in the soil water were in general higher than the LMWL (p < 0.001), which suggested that the isotope fractionation during the precipitation or runoff infiltration was prominent. The effect of isotope fractionation resulted in higher isotopic values. In contrast, Liu et al. demonstrated that the isotopic compositions of stem runoff, throughfall, and surface runoff generally contained heavier isotopes than precipitation, which indicated evaporation during the precipitation input process [52] . Given the results, it was suggested that the holding capacity of the flowing water and the surface interception had reached a maximum during our sampling period, and resulted in inadequate isotope fractionation conditions. The cluster of natural spring data in the figure showed no significant variation in the isotopic values (Figure 7a) .
Although there was a clear isotope fractionation in the soil water samples (Figure 7a ), soil water mainly came from atmospheric precipitation through soil infiltration. The degree of precipitation infiltration was not only determined by soil characteristics, such as the texture, thickness, and the antecedent water content, but also related to the effect of evaporation and precipitation characteristics [53, 54] .
The change of the SWCL and its hydrogen and oxygen isotopes provided water migration information for the soil [55] . The δ 2 H and δ 18 O values of the soil water showed a dependence on the soil depth after heavy precipitation (Figure 7b) . The δ 2 H and δ 18 O values of soil water ranged from −115.34 to −72.89 and from −13.45 to −9.20 , respectively. After precipitation infiltration into the soil, the isotopic compositions were found to be similar. The δ 2 H and δ 18 O values of soil water generally increased with the soil depth but became similar within the range of 80-100 cm depth. In particular, there was a significant change in the δ 2 H and δ 18 O values at the 0-60 cm depth in the surface soil layer (p < 0.05), which could have been affected by the precipitation recharge and evaporation. The isotopic compositions did not show notable changes in the 60-100 cm depth, with magnitudes close to that of the natural spring (the δ 2 H and δ 18 O values range from −73.51 to −68.18 and −10.84 to −9.79 , respectively). Consequently, natural springs of the mountainous regions were directly infiltrated by precipitation. The isotopic values of natural springs were closer to the LMWL in the wet season than in the dry season (Figure 8 ), indicating that natural springs could be directly supplied by precipitation in the wet season. In accordance with the isotopic conservation of mass, by contrasting the amount-weighed means of δ 2 H and δ 18 O values between precipitation and the natural spring, the relative contributions of the dry and wet season's precipitation to the natural spring recharge in the mountainous region were calculated by:
where Y denotes δ 2 H or δ 18 O values of the natural spring, and X and 1 − X illustrate the recharge ratios of precipitation in the dry seasons and the wet seasons, respectively [15, 46] . Results showed that approximately 7.2% of the natural spring was from the dry season precipitation and 92.8% from the wet season precipitation. It indicated that the natural spring recharge originated mostly from the wet season precipitation. This could be attributable to soil saturation or the abundant soil moisture content during the wet season when heavy precipitation reached the deep layer to recharge the natural spring. However, the recharge by the dry season precipitation was insignificant, which might be due to the small amount and the short duration of precipitation, and returned directly to the atmosphere by strong evaporation. Yeh et al. also demonstrated that the recharge of natural springs by the dry season precipitation (24%) was less than the wet season precipitation (76%) [15] . The duration of spring season changed from 6 months to 12.5 months, which was mainly attributed to the area size and the complex geography [21, 50] . In the current study region, the spring water was predominantly from precipitation during the wet season and it took 9 months to get into the next wet season from the end of the current one. Accordingly, it was presumable that the duration of the spring season in the study region was 8 to 9 months. Future study should be focused on investigating the mechanism of recharge and the residence time of spring, and provide an important reference to the management of the region's water cycle. season and it took 9 months to get into the next wet season from the end of the current one. Accordingly, it was presumable that the duration of the spring season in the study region was 8 to 9 months. Future study should be focused on investigating the mechanism of recharge and the residence time of spring, and provide an important reference to the management of the region's water cycle. 
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Conclusions
The isotopic compositions of precipitation, soil water and natural springs were used to investigate the seasonal variation of precipitation and quantify the recharge of groundwater by precipitation in the areas of Northern China. Heavier isotopic values were found in the dry season precipitation, while lower isotopic values were found extremely depleted in the wet season. This may be affected by the source of water vapor, its transmission route and the seasonal changes in precipitation amount. A mean precipitation effect of −15 and −2 per 100 mm change in the amount of precipitation for δ 2 H and δ 18 O, respectively, was observed based on the average isotopic values. In addition, more negative δ 2 H and δ 18 O were found in precipitation as the precipitation duration prolonged. In contrast, the relative isotopic composition of the natural spring was found during the study period. The comparison of the δ 2 H and δ 18 O values between the precipitation and natural spring showed that approximately 7.2% of the natural spring was recharged by the dry season precipitation and 92.8% by the wet season precipitation, indicating a distinct seasonal variation of natural spring recharge in the study area. The results will be used further with the stable isotope method in a future study to determine the area of water sources and provide an important basis for modelling the region's water cycle. Further studies would prolong investigation for a few years since there was more precipitation during sampling years than normal.
